I. INTRODUCTION
The unique properties of diamond 1 make it an attractive candidate for a variety of industrial applications. In particular single-crystalline diamond is a promising material for electronic applications. 2 The greatest barrier for exploitation is that centimeter size, single-crystalline diamond films are not readily available on the market. With oxy-acetylene combustion chemical vapor deposition ͑CVD͒ monocrystalline diamond layers can be grown at high growth rates and low cost. 3 However, the area of monocrystalline growth obtained by means of oxy-acetylene combustion CVD is as yet limited to about 20 mm 2 . To be able to produce centimeter size monocrystalline diamond layers, the process has to be scaled up.
With the increasing capabilities of computational fluid dynamics and computational chemistry and with the increase of computing power, it has become possible to simulate the hydrodynamics and chemistry of CVD from first principles, leading to a more reliable design and a clearer understanding. 4 This requires a gas-phase and a surface chemistry model that, on the one hand, should be compact enough to keep computational demands at a reasonable level while, on the other, these models should be detailed enough to predict all the important aspects of the CVD process. Therefore, we developed a reduced gas-phase and surface chemistry for oxy-acetylene diamond CVD. The gas-phase combustion chemistry of oxy-acetylene flames was studied extensively, and a detailed reaction mechanism is available. 5 However, a generally accepted surface-reaction mechanism, based on elementary reactions, is still lacking.
Besides semiempirical diamond-growth models deduced for hot-filament conditions, 6, 7 several authors have composed surface mechanisms for the growth on a diamond ͑100͒ surface. [8] [9] [10] Coltrin and Dandy 8 proposed a mechanism for growth on an unreconstructed dihydride diamond ͑100͒ surface. It is however, as the authors indicated, not an elementary mechanism that extends to a description of the detailed bond breaking and formation on a diamond ͑100͒ surface. Harris and Goodwin 9 and Ruf et al. 10 assume growth by the addition of gas-phase species to a ͑100͒-͑2ϫ1͒ dimer carbon site. They assume that half the growth is accounted for by insertion of CH 3 into dimer bonds, while the other half is accounted for by the addition across a void between dimer bonds. Although the first assumption is supported by quantum-mechanical calculations by Skokov et al. , 11 the latter is not. Rather, Skokov et al. 11 found that migration of a͒ Electronic mail: M.H.J.M.de.Croon@tue.nl chemisorbed CH 2 groups on the diamond surface is the most likely route to fill voids between dimers.
Here we report the development of a detailed kinetic model for diamond growth on a ͑100͒ surface in an oxyacetylene diamond CVD reactor, and the reduction of a detailed combustion mechanism. The surface mechanism includes both methyl radicals and acetylene as growth precursors. The surface processes are described in terms of elementary steps for which the kinetic data are based on quantum-mechanical calculations by Skokov et al. [11] [12] [13] No parameters were adjusted to describe experimental data.
II. GAS-PHASE MECHANISM

A. Reduction method
Wolden et al.
14 performed a reduction of the gas-phase chemistry in diamond growth methods from hydrocarbonhydrogen mixtures. The resulting mechanism cannot be used when studying the present combustion based process. In combustion, the reduction of the mechanism for methane combustion, in particular, has been studied extensively. 15 A concise mechanism for acetylene-air flames has been proposed by Peters et al. 15 For the studied conditions it predicts that significant fractions of the combustion products consist of CO 2 , while this is not predicted by more extensive mechanisms. Furthermore, Matsui et al. 16 present a mechanism for acetylene combustion which, however, does not include molecular oxygen. This is a key species for the combustion of acetylene.
Therefore we started the compilation of a gas-phase mechanism from the 48 species, 219 reactions combustion mechanism published by Miller and Melius 5 and applied for an oxy-acetylene flame by Meeks et al. 17 To maintain sufficient accuracy in the model calculations and simultaneously keep the computation time at a reasonable level, a reduction of the gas-phase mechanism was carried out under the conditions encountered in an oxy-acetylene flame.
The assumed reactor model for the reduction of the number of species in the gas-phase mechanism is a steady-state, one-dimensional ͑1D͒, laminar flame model simulated with the aid of the premixed flame code developed by Kee et al. 18 The free burning flame option was used, which means that the flow rate was adjusted until the position of the flame was fixed at a specified point. The determined inlet gas velocity is equal to the flame speed, defined as the speed at which a flame propagates through an open-ended horizontal tube. The model includes equations of conservation of mass and energy, and a balance equation for each species. It accounts for chemical reactions, species diffusion, and gas convection.
The operating conditions are derived from the conditions reported by Klein-Douwel et al., 19 i.e., atmospheric pressure, an inflow temperature of 300 K and an acetylene excess S ac , defined as the percentage of extra acetylene flow compared to the acetylene flow of a neutral flame, 19, 20 of 5%. Here, as is found in practice, 19 a neutral flame is defined as a flame in which C 2 H 2 and O 2 are fed in a 47.5:52.5 ratio.
A sensitivity analysis can be carried out by determining the normalized partial derivative for variable x k , as a function of each reaction rate parameter, i.e., the pre-exponential factor of the Arrhenius temperature dependence A i . The sensitivity coefficient S k,i of variable k for reaction i is defined as
It was evaluated for the temperature, the flame speed and the concentrations of H and CH 3 . These particular species were chosen because they appear to play an important role on the diamond surface. 6 The temperature rises from 300 to 3500 K roughly between xϭ2 and xϭ2.15 mm from the burner exit. The sensitivity analysis was therefore carried out at x ϭ2.08, 2.12 and 3.9 mm, i.e., at two points in the region of the steep temperature rise and one in the hot combusted gas zone. All the reactions for which one of the above mentioned variables had a high sensitivity coefficient were listed. From this list the set of important gas-phase species in an oxyacetylene combustion torch reactor was obtained. For the subsequent testing of the reduced mechanism, all reactions containing species not included in this set were removed from the full mechanism.
B. Results
The full 48 species mechanism was reduced in three steps to a 13 species mechanism. The retained species in each of these reduction steps are listed in Table I . In Fig. 1 the CH 3 and H concentration profiles calculated with three reduced mechanisms are compared to those calculated with the full mechanism.
Of all species, the CH 3 concentration was found to be one of the species most sensitive to model reduction. In the 27 species mechanism, it deviates less than 10% from the full mechanism. Because CH 3 is an important species for diamond growth, this mechanism is used in the reactor simulations. By reducing to 23 species, the deviation of the CH 3 profile increases to a maximum of 50%, but the deviation in H and other main species profiles is still less than 10%. Finally, the 13 species mechanism, which only contains the reactants, products and the most important intermediates, still predicts the right trends but can be an order of magnitude off in the values predicted for the concentrations.
To test whether the 27 species mechanism can be applied under a broader range of conditions than those for which it has been reduced, it was compared to the full mechanism with the acetylene excess ranging from Ϫ10% to 20%. For lean flames with an acetyelene excess of Ϫ10% there is hardly any difference between the concentration profiles calculated with the full and with the reduced mechanism. For species present in significant concentrations ͑higher than 1 ppm͒ the profiles deviate a few percent at most. Deviations become larger when the flame becomes richer; species with a high carbon content, like C 2 and CH show large deviations. At an acetylene excess of 20%, the reduced mechanism overestimates the concentration of these species by a factor of 2. This can be explained from the reaction of these species to larger molecules in the full mechanism. At this acetylene excess the error the reduced mechanism causes is typically 30% for all other species.
Although there is a large influence of pressure on the concentration profiles, the error resulting from reducing the mechanism is not greatly affected by the pressure. Varying the pressure between 1 kPa and 1 MPa resulted in a combustion zone ranging from 10 mm at the lowest pressure to 20 m for the highest. However, the difference between the concentration profiles predicted with the full mechanism and the reduced mechanism remained below 10% for the species that play an important role on the diamond surface.
C. Stagnation flow reactor model
The oxy-acetylene torch reactor was simulated with a one-dimensional stagnation flow CVD reactor model by Coltrin et al. 21 This model considers a solid surface of infinite extent separated from a parallel burner outlet by distance d, or in practice a surface of finite radius R and r/RӶ1. A forced flow emerges from the outlet and is directed toward the solid surface. The axial velocity u, the radial velocity divided by the radial distance v/r, the gas-phase species mole fractions x k , the species site fractions and the temperature T are all a function of the axial distance only.
To evaluate the effect of surface reactions on the gasphase profiles, simulations were carried out with the addition of the surface mechanism as described in Sec. III. The input parameters are given in Table II . The length d is approximately equal to the flame tip-to-substrate distance because the flame is located directly behind the burner outlet. Figure 2 shows that the addition of the surface mechanism has a large influence on the atomic hydrogen concentration profile in particular. This is caused by the high diffusivity of H. The effect of surface reactions on concentration profiles of larger molecules like CH 3 is less pronounced.
The effects of various reactor settings on the gas-phase and surface composition are studied in more detail in Sec. IV.
III. SURFACE REACTION MECHANISM
A. Construction
A surface reaction mechanism that predicts the growth rate of the diamond film was composed. It is based on the assumption that the rate limiting step is not the nucleation step for the growth of a new layer. This assumption is acceptable, because in practice the natural diamond that is used TABLE II. Input data for the stagnation-flow reactor model.
Standard settings
Range of variation
Influence of the addition of a surface mechanism on concentration profiles computed with a stagnation flow reactor model. The dotted lines are calculated without addition of the surface mechanism, the solid lines with the surface mechanism. The input parameters are given in Table II. as a substrate contains some defects. As a result, there are always enough steps on the surface to stop nucleation from being rate limiting.
The surface processes are modeled in terms of elementary chemical reactions. The reaction mechanism is based on the results of quantum-mechanical calculations by Skokov et al., [11] [12] [13] who explored possible reaction steps responsible for diamond growth but did not present a complete reaction mechanism ready to be used in simulations.
Because our ultimate goal is to combine the surface mechanism with a multidimensional reactor model, the computation time required by the surface mechanism has to be limited. Therefore, we chose a surface mechanism that has the same structure as the gas-phase mechanism. This means that the mechanism consists of randomly distributed surface species that react with a rate proportional to the reactant concentrations. This corresponds to the so-called mean field approximation. It implies that the presence of a particular species on a site does not influence the distribution of the species on neighboring sites. For example, the component of the surface indicated in Fig. 3͑a͒ is subdivided into the species indicated in Fig. 3͑b͒ .
The surface is subdivided into the species listed in Appendix A. The balances for the surface species are made on the basis of the total number of sites. Two bonds of each carbon atom on the ͑100͒ surface are attached to the diamond lattice. The other two bonds protrude in the direction of the gas phase. Since the total number of carbon atoms in the diamond lattice on the ͑100͒ surface is constant during growth, the number of bonds in the direction of the gas phase is too. One such bond will be called a site. The site density is the constant ⌫.
A name has been assigned to each species on the surface. A species on which gas-phase species can absorb, defined as a site in Langmuir kinetics, is also considered a species and ''occupies'' a number of sites. For example, the dimer S2 to which 1 hydrogen atom is attached occupies four sites and consists of 1 hydrogen atom and 0 carbon atoms.
The mathematical formulation for the rate of reaction of gas-phase species with the surface and surface species is the same as that used in the Chemkin codes. 22 The rate constants are assumed to have an Arrhenius temperature dependence.
The complete surface reaction mechanism is presented in Appendix B. The gas-phase precursors of diamond are methyl radicals and acetylene molecules, which are regarded as the most important precursors. 1 They adsorb on dimer sites. The different configurations of a molecule consisting of 1 or 2 carbon atoms, and a varying number of hydrogen atoms, adsorbed on one or both diamond dimer carbon atoms, lead to a large number of surface species as presented in Appendix A. Because growth occurs via adsorption to dimer sites, at least two different steps have to be distinguished: one for the insertion of a carbon atom into a dimer bond, and one for the closure of the void between two dimer bonds with a carbon atom. There are two different views concerning the latter step. Harris and Goodwin 9 and Ruf et al. 10 assume that first carbon atoms insert into the dimers, and then the void side is closed by adsorption of a CH 3 molecule to one of the two neighboring diamond carbon atoms. Skokov et al., 11 however, calculated that this route is unfavorable due to large steric repulsions. They found that instead migration of a CH 2 group over the surface to close a void is feasible on kinetic and thermodynamic grounds. Therefore, we adopted this latter route in the present mechanism.
Methyl radicals adsorb on dimers as indicated in Fig.  4͑a͒ . Reactions ͑11͒-͑16͒ represent the adsorption of a methyl radical, its subsequent migration over the surface, and closure of a void. Reactions ͑17͒-͑21͒ correspond to the insertion of CH 3 into a dimer bond. A carbon is considered to be part of the diamond lattice when it has formed a dimer with another carbon atom, according to reaction ͑67͒. When the reactions in each part of the path are added, the conversion of CH 3 into diamond can be represented by three overall reactions: closure of a void
insertion into a dimer S12ϩCH 3 ϩ2H S4ϩS6ϩ2H 2 , ͑3͒
and closure of the dimer bond 2S4ϩ3H S2ϩ2diamondϩ3H 2 , ͑4͒
where S2 and S12 are the free sites in this mechanism. Four of the kinetically most favorable routes 12 for diamond growth from acetylene are discussed in more detail here. Figure 4͑b͒ depicts three of them: reactions ͑28͒-͑32͒, reactions ͑33͒-͑37͒ plus ͑31͒-͑32͒, and reaction ͑43͒-͑55͒. Via reactions ͑56͒-͑60͒, the top carbon atom is etched from an adsorbed acetylene molecule, after which the bottom carbon can be etched off as well or can be included in the diamond lattice in the same way as the methyl radical.
Apart from etching via the reverse of the growth route, carbon atoms can be etched with atomic hydrogen as illustrated in Fig. 4͑c͒ or with oxygen as in Fig. 4͑d͒ .
Based mainly on the forward reaction rate constants and equilibrium constants presented by Skokov et al., 11, 12 a set of thermodynamic data was constructed. For the etching of carbon from the surface with oxygen, data from similar gasphase reactions were obtained from the NIST library. 23 Skokov et al. 11, 12 do not supply enough reaction rate data for hydrogen abstraction and addition reactions to determine the entropy and enthalpy of the reaction. They state that hydrogen abstraction and addition reactions via 
have rate constants of 10 6 m 3 ϫmol Ϫ1 ϫs Ϫ1 and 10 7 m 3 ϫmol Ϫ1 ϫs Ϫ1 , respectively, where C d represents a carbon atom on or in the diamond lattice. In the literature the abstraction of hydrogen from a dimer was the only hydrogen abstraction reaction for which the reaction enthalpy ⌬H can be found ͑see, e.g., Ref. 24͒. Thus enthalpies of hydrogen abstraction reactions have to be estimated with similar gasphase reactions as a guideline. Table III lists the enthalpy of reaction for different hydrogen abstraction reactions as estimated in this study.
A complete, consistent set of thermodynamic data is now obtained by setting the enthalpy of formation H i 0 of the dimer with 2 adsorbed hydrogen atoms to 0.785 kJ/mol 25 and the entropy of formation of the dimer without adsorbed hydrogen to zero. The enthalpy and entropy of the gas-phase species were calculated at 1400 K, the typical temperature at which diamond is deposited in combustion-flame diamond CVD. 19 The entropy and enthalpy of formation of the remaining surface species were then calculated with the aid of the heat of reaction data as described above. Because no temperature dependence of the enthalpy and entropy of reaction is known, the enthalpy and entropy of the surface species were assumed to be constant. The resulting set of thermodynamic data can be found in Appendix A.
B. Test of the surface mechanism
The surface chemistry was studied separately from the gas-phase chemistry, using a perfectly stirred reactor model with surface reactions. 22 The residence time was selected to be small enough to ensure that the composition of the gas in the reactor was nearly the same as the composition of the inlet gas. The latter was estimated with the aid of the calculations in the stagnation point flow model ͑Sec. II C͒. The input parameters for the perfectly stirred reactor model are listed in Table IV. Verification of the surface chemistry mechanism, separate from the gas-phase mechanism, is hampered by a lack of experimental data on the growth rates on a ͑100͒ surface as a function of the temperature and the gas-phase composition directly above the surface. In practice, the growth rates are measured on mixed ͑111͒ and ͑100͒ oriented surfaces, as a function of the surface temperature and the inlet composition. 20 Nevertheless certain trends are visible. Schermer et al. 20 have measured the growth rate in an oxy-acetylene combustion torch reactor on the order of 100 m/h or 30 nm/s, increasing as a function of the temperature up to approximately 1400 K, above which it becomes constant.
The growth rate as a function of temperature and atomic hydrogen concentration, predicted by the proposed mechanism, is plotted in Fig. 5 . The growth rate increases with temperature until approximately 1300 K, after which it becomes close to constant, similar to the temperature dependence found by Schermer et al.
To capture the dependence of the growth rate on the concentrations of H, CH 3 and C 2 H 2 , each concentration was varied as indicated in Table IV , while the other variables were kept at their standard value. The resulting growth rates are presented in Fig. 6 . The model predicts that the growth rate is between the zeroth and first order in the H concentration, and decreases in order as the H concentration increases. Furthermore, an almost linear increase of the growth rate with the CH 3 concentration is predicted. This corresponds well with the model of Goodwin, 6 who deduced the following proportionality from a simplified model of the gassurface chemistry for the growth rate:
A weak positive dependence of the growth rate on the C 2 H 2 concentration is found. The reliability of the surface mechanism is partly dependent on the reliability of the predicted surface composition. In Table V the predicted composition of the surface is given and in Fig. 7 this composition is used to compile an image of the surface under oxy-acetylene torch conditions. It shows that the surface is hardly recombined and that there are on average about 1.75 hydrogen atoms per carbon atom. The reason for this is that the concentration of CH 3 and the adsorption enthalpy of CH 3 on a dimer have such high values, that the equilibrium is strongly in the direction of the adsorbed species (KϭS8/͑CH 3 ϫ S2͒ϭ2ϫ10 7 mol Ϫ1 ϫm 3 ). This leads to a low dimer concentration. Because no in situ measurements are available, this surface composition cannot be verified. However, Winn et al. 26 predicted that at lower temperatures a surface coverage of 1.5-2 hydrogen atoms per carbon atom is energetically most favorable if the surface is in contact with a gas consisting of atomic and molecular hydrogen. When the acetylene concentration is set to zero and the CH 3 and H concentrations are reduced to a mole fraction of 1ϫ10 Ϫ6 , the number of hydrogen atoms per carbon atom decreases to 1. This is in agreement with the literature. 26 Thus, the surface structure predicted with the developed mechanism appears to be a physically realistic structure.
C. Sensitivity analysis heat of formation
As stated, no heat of reaction is given in the literature for most hydrogen abstraction reactions. Moreover, these heats of reaction are probably not constant but dependent on surface coverage. Therefore, a sensitivity analysis was carried out. Table V lists the species for which a change of 5% in their heat of formation caused the growth rate to change more than 5%. The heat of formation of the same species had a large effect on the surface composition.
Of the first three species in Table V , the enthalpy of formation of S8 and S1 are relatively reliable. As explained earlier, the heat of formation of S1 formed the basis for the calculation of all other heats of formation. Increasing its value would lead to an increase with the same amount of all other heats of formation, and thus there would be no net effect on the growth rate. The heat of formation of S8 is linked via two well-studied reactions to S1. This is not the case for the species S4. The value of its heat of formation is probably dependent on the surface coverage with S4. Therefore, for an improvement of the surface mechanism it would be rewarding to study the heat of formation of species S4 and its dependence on the surface coverage. Figure 8 shows the routes through which the diamond layer grows according to the surface mechanism. The left part of the scheme, which accounts for the adsorption of CH 3 , is presented in more detail in Fig. 9 . The left part of Fig. 9 corresponds to Eq. ͑3͒, the middle part to Eq. ͑2͒, and the bottom right part to Eq. ͑4͒. Discrepancies in the species balances in this figure can be ascribed to disregarding the C 2 H 2 adsorption routes. Figure 9 shows that the migration reactions ͑15͒ and ͑16͒ are nearly at equilibrium. This accounts for the monocrystalline growth of diamond. A sensitivity analysis was carried out at the standard settings as indicated in Table IV . It appeared that the growth rate is especially sensitive to the preexponential factor of the adsorption of CH 3 ͓reaction ͑11͒ and ͑17͔͒ and the intermediate hydrogen abstraction reaction   FIG. 7 . Compilation of the surface based on the composition predicted by the mechanism under oxy-acetylene CVD conditions. The large spheres indicate carbon atoms ͑black: lower layer, gray: upper layer͒, the small spheres indicate hydrogen atoms. The bond lengths and angles do not necessarily correspond to reality. ͓reaction ͑12͔͒. Figure 9 shows that these are the steps for which the net forward reaction rate is largest in comparison with the total forward rate. Furthermore, the growth rate is sensitive to the intermediate surface reaction ͓reaction ͑51͔͒ and the acetylene adsorption step ͓reaction ͑28͔͒. The listed steps account for the positive order in the methyl radical, atomic hydrogen and acetylene concentrations. At higher acetylene super saturations the sensitivity for reaction ͑28͒ increases. The reason for this is that the contribution of acetylene to the growth rate increases. At decreasing molecular hydrogen concentrations the sensitivity coefficient for hydrogen abstraction reactions increases. To answer the question of which of the two species-CH 3 or C 2 H 2 -is the most important precursor to diamond, the net adsorption of CH 3 has been compared to that of C 2 H 2 . It appears that, although the mole fraction of C 2 H 2 in the gas phase directly above the surface is a factor of two higher than the mole fraction of CH 3 , the methyl radical accounts for 95% of the growth at an acetylene super saturation of 5%. This means that under flame conditions CH 3 is approximately 40 times more reactive than C 2 H 2 . Experimentally it was found, that for different kinds of reactors CH 3 is 10-100 times more reactive than C 2 H 2 .
D. Comparison of the reaction routes
27-29
Although quantum-mechanical calculations of adsorption were only carried out for the species C 2 H 2 and CH 3 , they are not the only species that could be growth precursors. The minimum mole fraction of a species necessary to account for growth rates on the order of 30 nm/s is 10 Ϫ6 , assuming a sticking coefficient of one. From the species with two or less carbon atoms CH 4 , CH 3 , C 2 H 2 , CO 2 , CO and C 2 H 3 meet this condition. C 2 for example, for which a correlation has been found with the growth rate, 19 has a concentration that is too low for it to be able to significantly contribute to diamond growth. From the species that meet the concentration condition, CO 2 , CO and CH 4 are too stable to be a growth precursor, which leaves C 2 H 2 , CH 3 and C 2 H 3 . The concentration of C 2 H 3 is two orders lower than the CH 3 concentration, while there is no reason to expect that its reactivity is two orders greater.
Addition of oxygen to a diamond CVD reactor generally leads to a decrease of the growth rate and an increase of the diamond quality. 30 This could be caused by either an interaction of molecular or atomic oxygen with the diamond surface, or by a change in gas-phase composition. To test the first hypothesis, the influence of the etching of carbon by O and O 2 via reactions ͑61͒-͑66͒ ͑Appendix B͒ has been compared to other etching routes.
The mole fractions of O and O 2 are on the order of 10 Ϫ6 , which is high enough for them to play a significant role. If the etching via different routes is compared, O and O 2 etch only a fraction of 10 Ϫ4 and 10 Ϫ8 , respectively, of the total amount of carbon that is etched from the surface. However, most CH 3 desorbs from the surface through reaction ͑60͒. This is the desorption of the top carbon atom from an acetylene molecule for which no analogous route with atomic oxygen is provided. If this etching step is not taken into account, atomic oxygen is slightly more effectiverelative to its concentration-than atomic hydrogen in etching carbon from the surface. This is caused by the higher desorption enthalpy of CH 3 compared to CO. However, because of its low concentration, atomic oxygen does not contribute significantly to carbon etching.
The number of species in the surface mechanism can be reduced by comparing the various reaction paths. The routes that least contribute to growth can be identified from Figure  8 . Growth from acetylene via species S21 and S34 does not appear to be significant. At higher acetylene super saturations, acetylene contributes via species S24 and S27 up to 25% to the growth at a super saturation of 10%. These routes can therefore not be neglected. Etching via S28 only constitutes 2.5% of the total etching and is negligible, like etching with atomic and molecular oxygen. The same conclusions can be drawn from the sensitivity analysis. Thus reactions ͑22͒-͑27͒, ͑30͒-͑31͒, ͑43͒-͑48͒ and ͑61͒-͑66͒ and the corresponding species can be removed from the mechanism without large deviations in the results.
IV. COMBINATION OF THE GAS-PHASE AND SURFACE REACTION MECHANISM
The gas-phase and the surface mechanism are combined with transport equations to yield a one-dimensional reactor model. Thus the influence of reactor settings can be studied and compared to experimental results. Here, the surface temperature, the acetylene-oxygen ratio, and the distance between the flame front and the surface are varied. The input parameters are given in Table II .
In an earlier publication we have shown that the shapes of the concentration profiles predicted by this model at small flame tip-to-substrate distances ͑1 mm͒ correspond reasonably well to that of the measured profiles. 31 According to the present 1D simulations, the influence of the flame tip-tosurface distance on the concentration profiles is not very strong. The effect of an increase of the distance is that the profiles become somewhat elongated ͑see Fig. 10͒ . In practice, however, the effect of increasing the flame tip-tosubstrate distance is expected to be dominated by twodimensional ͑2D͒ effects like in-diffusion of air and the conical shape of the flame, which is not included in the current simulations. A 2D model should give more reliable predictions for effects of variation of the reactor geometry.
A. Influence of the surface temperature
The substrate temperature does not appear to have a large influence on the gas-phase composition. To illustrate this, the atomic hydrogen profile is plotted in Fig. 11 for substrate temperatures of 1200 and 1500 K. The profiles start to differ only very close to the surface. At the surface, the H concentration increases by a factor of 2 when the temperature is raised from 1200 to 1500 K.
Growth rates were compared to the experimentally measured values in Fig. 12 . Considering that no parameters were adjusted to fit the data, the model predicts the growth rate fairly well. Both the experiments and the model show an initial increase with temperature and a constant growth rate at higher temperatures. The difference can possibly be ascribed: ͑i͒ to the fact that the surface mechanism, valid for a monocrystalline ͑100͒ oriented surface, was compared to growth data from a polycrystalline mixed ͑100͒ and ͑111͒ oriented surface, ͑ii͒ to uncertainties in the thermodynamic data set as described previously and ͑iii͒ to 2D effects that were not included in the model.
B. Influence of the acetylene-oxygen ratio
A change in the acetylene-oxygen ratio does lead to a significant change in the gas-phase concentration profiles ͑see Fig. 13͒ . An increase of acetylene super saturation changes H and CH 3 concentrations, but the most important influence is on the acetylene concentration above the surface ͑see Table VI͒. The overall effect is an increase of the growth rate ͑Fig. 14͒ with an increasing acetylene super satu- ration in the feed. Both the experimentally measured and the computed growth rates increase approximately linearly with the acetylene super saturation. In absolute values they differ by about a factor of 5.
V. CONCLUSIONS
A 48 species, 219 reaction gas-phase combustion mechanism was reduced to a 27 species, 119 reaction mechanism, resulting in concentration profiles that deviated under oxyacetylene diamond CVD conditions by at most 10% from those obtained with the full mechanism. A detailed surface mechanism was compiled based on literature quantummechanical calculations. The surface reaction steps that did not contribute significantly to diamond growth were omitted from the mechanism. This resulted in a surface mechanism of 31 species and 45 reactions.
The combination of the surface and gas-phase chemistry mechanisms without any adjustments to kinetic parameters in a 1D stagnation model resulted in predictions that agree qualitatively well with measurements. The predicted growth rates are of the same order of magnitude as the measured growth rates, the predicted surface is physically realistic and experimentally observed trends in growth rate are reproduced.
Comparing growth via the methyl radical and via acetylene, it was found that the latter contributed to only about 5% of the growth, even though its concentration is an order of magnitude higher than the methyl radical concentration. Although atomic oxygen etches carbon from the surface more efficiently than atomic hydrogen, its low concentration makes it play a negligible role on the diamond surface in the oxy-acetylene combustion reactor.
The gas-phase and surface mechanism developed here are reliable and compact enough to be used in further 2D modeling to study the reactor geometry and the indiffusion of air into the flame.
APPENDIX A: LIST OF ALL SURFACE COMPONENTS AND THEIR THERMODYNAMIC PROPERTIES
H/R is the heat of formation under standard conditions divided by the universal gas constant ͑10 3 K͒. S/R is the entropy of formation divided by the universal gas constant ͑-͒.
